Abstract -A combination of TiCl 4 and PhSiCl 3 efficiently conducts the Mannich-type reaction of N,O-acetals with ketones to afford α-substituted cyclic amine derivatives in good yields. This method was applicable to preparation of azabicyclo compounds by the intramolecular Mannich-type reaction.
Introduction
Lewis acid mediated Mannich-type reaction between N,O-acetals 2 prepared by electrochemical oxidation 1 of amine derivatives 1 and carbon nucleophiles (NuH) is one of powerful methods for syntheses of α-substituted amine derivatives 3 (Eq. 1). 2, 3 We have already reported that some active methylene compounds such as malonates, acetoacetates, and some modified ketones such as enol ethers and enol esters reacted well with 2 as the carbon nucleophiles to form the corresponding α-substituted amine derivatives with high yields. 4, 5 However, similar reactions between 2 and unmodified ketones did not proceed with good yields. For example, as shown in Eq. 2, although the reaction of N,O-acetal 4 with isopropenyl acetate (5) gave the desired α-acetonylated product 7 in 86% yield, the yield of 7 from acetone (6) was only 23%. We report herein one of the most powerful protocols for TiCl 4 -mediated Mannich-type reaction of 2 with unmodified ketones promoted by co-existing PhSiCl 3 . 
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RESULTS AND DISCUSSION
Since one reason of the low yield of 7 from 6 seemed to be that 6 hardly enolized under the reaction conditions, we tested combinations of TiCl 4 and some chlorosilanes 6, 7 which might accelerate enolization of 6 (Eq. 3). These results are summarized in Table 1 . Although in the case of using mono-and di-chlorosilanes the yields of 7 were low (entries 1 and 2), using trichlorosilanes and tetrachlorosilane improved the yields (entries [3] [4] [5] [6] . Next, we carried out some experiments to optimize amounts of TiCl 4 and PhSiCl 3 as a representative combination (Eq. 4), since the yields of 7 promoted by three trichlorosilanes and tetrachlorosilane were almost same ( Table 1) . The results are shown in Table 2 . A combination of a catalytic (0.15 equiv) or an equimolar (1.5 equiv) amount of TiCl 4 and an equimolar amount of PhSiCl 3 could work well (entries 3 and 6). 8 On the other hand, a combination of an equimolar amount of TiCl 4 and a catalytic amount of PhSiCl 3 did not improve the yield (entry 5). Similarly this combination of TiCl 4 (0.1 equiv) and PhSiCl 3 (1.5 equiv) could efficiently mediate the Mannich-type reaction of 4 with acetophenone 8 or cyclopentanone 10 to improve the corresponding products 9 and 11 9 (Eqs. 5 and 6). The yields of the reaction of 4 with 10 using a combination of Lewis acid and PhSiCl 3 shown in Eqs. 6
and 7 exceeded that of the reaction of 4 with trimethylsilyl enol ether 12 (Eq. 8). The role of the trichlorosilanes and tetrachlorosilane in the present system is not clarified at present. We presume that trichlorosilanes and tetrachlorosilane facilitates smooth enolate generation. Another possibility is that they may facilitate intermediary formations of enol silyl ethers. 5, 6 However, this speculation could be ruled out, because these species can hardly be generated under the present acidic conditions.
CONCLUSION
In conclusion, a combination of TiCl 4 
